Abstract: A novel sternotomy sparing implantation technique for the Thoratec HeartMate 3 is described. Cannulation of the left ventricular apex is performed via a minithoracotomy in the left fourth or fifth intercostal space. The outflow graft is advanced through the pericardium to a second minithoracotomy in the right second intercostal space and then anastomosed to the ascending aorta. This approach was performed in three patients so far with no need for conversion. We did not observe any perioperative adverse events, such as bleeding or thromboembolic complications, as well as no short-term mortality. This technique is especially appealing in multimorbid and frail patients, future transplant candidates, and patients with impaired right ventricular function.
S
tandard left ventricular assist device (LVAD) implantation is performed via a median sternotomy, and cardiopulmonary bypass is used as circulatory support during the procedure. 1 To reduce the invasiveness of LVAD implantation, several alternative implantation techniques that avoid a full sternotomy have been developed for the past years. 2 This has several potential advantages including reduced blood loss, blood product use, infections, intensive care unit and in-hospital stay, as well as rehabilitation times and costs. 3 The most appealing advantage, however, attributes to the fact that the integrity of the pericardium over the right ventricle (RV) is preserved and right ventricular dilatation due to loss of pericardial constraint is avoided. 4 We describe a sternotomy sparing implantation technique for the HeartMate 3 Left Ventricular Assist System (LVAS) (AbbottThoratec, Pleasanton, CA USA), a novel LVAS that has recently received its Communauté Européenne mark. 5 The described implantation technique is the consequential further development of several less invasive implant techniques we developed for the past years, for both the Heartware HVAD (Medtronic, Inc, Minneapolis, MN USA) as well as the Thoratec HMII (AbbottThoratec, Pleasanton, CA USA).
METHODS

Patient Preparation
The patient is placed in a supine position with the left arm out, and standard endotracheal intubation is performed. External defibrillator pads are placed on the patient's back to allow access to the left site of the thorax. Transesophageal echocardiography (TEE) is performed in all patients to rule out relevant aortic or tricuspid regurgitation as well as persistent foramen ovale and major apical thrombus formations.
Surgical Access to the Ascending Aorta and Cannulation for the Cardiopulmonary Bypass
A 6-cm incision in the right second intercostal space is performed for exposure of the ascending aorta and right atrium. Either the second or third rib is dissected at the sternocostal joint and retracted to gain space for direct aortic and atrial cannulation as well as for the outflow graft anastomosis.
At this time, the incision in the fourth or fifth left intercostal space, opening of the pericardium, and placing of the apical sewing ring are performed to avoid surgical dissection under full heparinization. A 2-mm polytetrafluoroethylene band is tunneled through the pericardium between the two incisions in preparation for the later outflow graft tunneling. Thereafter, the patient is systemically heparinized and cannulated for cardiopulmonary bypass (CPB) with a Medtronic Bio-Medicus 19F arterial ECMO cannula (Medtronic, Inc, Minneapolis, MN USA) placed in the aortic arch and a 36F DLP right-angle singlestage venous cannula in the right atrium. For a clear view in the operation field, the venous cannula is tunneled out one intercostal space below the incision before connected to the CPB (Fig. 1) .
Surgical Access to the Apex and Tunneling and Anastomosis of the Outflow Graft
For exposure of the LVapex, an 8-cm incision in the fourth or fifth left intercostal space is performed, depending on the exact localization of the LV apex as assessed by preoperative transthoracic echocardiography or by slightly pushing a finger against the apex under TEE control. The Thoratec HeartMate 3 sewing ring is anastomosed to the left apex with a 2.0 running polypropylene suture. Thereafter, the patient is heparinized, and CPB is installed. Apical coring is performed using the provided coring knife. After inspection of the LV cavity, the pump is inserted, secured to the apical cuff using the LVAD slid lock mechanism, and deaired through the outflow graft (Fig. 2) . We then advance the outflow graft through the pericardium to the right-sided minithoracotomy using the previously placed polytetrafluoroethylene band. The ascending aorta is being tangentially clamped using a Satinsky clamp. Anastomosing the outflow graft and tunneling the driveline to the right epigastrium complete the operation.
DISCUSSION
We describe a sternotomy sparing technique for implantation of the HeartMate 3 LVAS, a further development of sternotomy sparing implant techniques we have previously introduced for the Heartware HVAD and the Thoratec HMII (Abbott-Thoratec, Pleasanton, CA USA). So far, this approach has been performed in three patients undergoing isolated Thoratec HeartMate 3 implantation. The patients' mean body surface area was 2.21 m, 2 and the mean weight was 103 kg. No intraoperative conversions were necessary. The postoperative course was uneventful in all patients, and after a median follow-up time of 525 days, two of them are still on device and one has been successfully bridged to transplantation.
We have previously shown that this approach is reproducible and safe both in first operations as well as redo cases, without any necessity for conversions to sternotomy.
2 Potential advantages are straightforward access to the LVAD in case of pump exchanges or explantations. Still, it is technically more demanding, requiring advanced experience in the selection of the proper site for apical coring. Transesophageal echocardiography control is helpful when deciding on the proper position for the sewing ring anastomosis. We made good experience by pushing a finger to the apex, mimicking the inflow cannula, and then judging on the position by observing it in the TEE.
The right minithoracotomy for central cannulation and anastomosis of the outflow graft has been adapted from right anterior thoracotomy aortic valve replacements. 6 It usually provides excellent exposure of the ascending aorta and right atrium and thereby allows central cannulation for CPB as well as anastomosis of the outflow graft. However, in some patients, femoral cannulation might be necessary because of limited space and access through this incision.
Multiple studies could already show the positive effects of minimally invasive techniques on morbidity, recovery, and costs. Sternotomy sparing approaches lead to less surgical trauma, less bleeding, less infection, and less adhesions. 3, 7 This and the fact that the integrity of the pericardium in front of the RV is preserved make this new approach for isolated HeartMate 3 implantation appealing for nearly every patient, including multimorbid and frail patients, patients with an impaired RV function, or future transplant candidates.
CONCLUSIONS
The presented sternotomy sparing technique for isolated HeartMate 3 implantation seems to be a safe alternative to standard full sternotomy and is especially appealing in multimorbid and frail patients, future transplant candidates, and patients with impaired right ventricular function.
